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Topic 7.8 Prestressed Double Tees

7.8.1

Introduction A prestressed double tee beam, like the name implies, resembles two capital letter
T’s that are side by side (see Figure 7.8.1). The horizontal section is called the
deck or flange, and the two vertical leg sections are called the webs or stems. This
type of bridge beam is mostly used in short spans or in situations where short,
obsolete bridges are to be replaced.

- |

Figure 7.8.1  Typical Prestressed Double Tee Beam

7.8.2

Design

Characteristics

General Prestressed concrete double tee beams have a monolithic deck and stem design

that allows the deck to act integrally with the superstructure. The integral design
provides a stiffer member, while the material-saving shape reduces the dead load
(see Figure 7.8.2).

This type of construction was originally used for buildings and is quite common in
parking garages. They have been adapted for use in highway structures.
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Figure 7.8.2  Prestressed Double Tee Beam Typical Section

Prestressed double tees have a typical stem depth of 305 to 865 mm (12 to 34
inches). The average flange width is 2.4 to 3.1 m (8 to 10 feet), with a typical span
length of approximately 7.6 to 16.8 m (25 to 55 ft). Prestressed double tees can be
used in spans approximately 24.4 m (80 ft) long with stem depths up to 1.5 m (5
feet) and flange widths up to 3.7 m (12 feet). Prestressed double tee bridges are
typically simple spans, but continuous spans have also been constructed.
Continuity is achieved from span to span by forming the open section between
beam ends, placing the required reinforcement, and casting concrete in the void
area. Once the concrete reaches its design strength, the spans are considered to be
continuous for live load.

In some prestressed double tee designs, the depth of the stems at the beam end is
dapped, or reduced (see Figure 7.8.3). This occurs so that the beam end can sit
flush on the bearing seat.

Dapped Ends
Figure 7.8.3  Dapped End of a Prestressed Double Tee Beam
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Primary Members and
Secondary Members

Steel Reinforcement
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The top of the flange or deck section of prestressed double tees can act as the
integral wearing surface or be overlaid. Bituminous asphalt and concrete are
typical examples of wearing surfaces that may be applied. See Topic 5.2.3 for a
detailed description of the different types of concrete deck wearing surfaces.

The primary members of a prestressed double tee beam are the stems and the deck.

The secondary members of a prestressed double tee bridge are the transverse
diaphragms. The diaphragms are located at the span ends. They connect adjacent
stems and prevent lateral movement. In the case of longer spans, intermediate
diaphragms may also be placed to compensate for torsional forces. The
diaphragms can be constructed of reinforced concrete or steel.

The primary tension and shear steel reinforcement consists of prestressing strands
and mild reinforcement (see Figure 7.8.4). The prestressing strands are placed
longitudinally in each stem at the required spacing and clearance. When the
double tees are to be continuous over two or more spans, conduits may be draped
through the stems of each span to allow for post-tensioning. The shear
reinforcement in a prestressed double tee beam consists of vertical U-shaped
stirrups that extend from the stem into the flange. The shear reinforcement or
stirrups are spaced along the length of the stem at a spacing required by design.
The primary reinforcement for the deck or flange section of a prestressed double
tee beam follows the reinforcement pattern of a typical concrete deck (see Topic
5.2.2).

In some wider applications, the deck or flange portions of adjacent prestressed
double tee beams may be transversely post-tensioned together through post-
tensioning ducts. Transverse post-tensioning decreases the amount of damage that
can occur to individual flange sides due to individual deflection and helps the
double tee beams deflect as one structure.

The secondary, or temperature and shrinkage, reinforcement is placed
longitudinally on each side of each stem and deck. In some newer designs,
welded-wire-fabric is used as the secondary and shear reinforcement in the stems.
The vertical bars in the welded-wire-fabric act as the shear reinforcement and the
longitudinal bars perform as the secondary reinforcement. Tests have shown that
temperature and shrinkage cracking can be reduced when welded-wire-fabric is
used.

Deck Tension Reinforcement

Temperature and
Shrinkage
Reinforcement

Stem
Shear
Reinforcement

Prestressing Strands

Figure 7.8.4  Steel Reinforcement in a Prestressed Double Tee Beam
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Procedures
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Common defects that occur on prestressed concrete double tee beam bridges
include:

A\ 4

Cracking (flexure, shear, temperature, shrinkage, mass concrete)
Scaling

Delamination

Spalling

Chloride contamination
Efflorescence

Ettringite formation
Honeycombs

Pop-outs

Wear

Collision damage

Abrasion

Overload damage

Reinforcing steel corrosion
Prestressed concrete deterioration

YVVVYVYVYVVYVVVYVYVYYVYYVYYVYYVYY

Stress corrosion of prestressing strands

Refer to Topic 2.2 for a detailed explanation of the properties of concrete, types
and causes of concrete deterioration, and the examination of concrete.

Inspection procedures to determine other causes of concrete deterioration are
discussed in detail in Topic 2.2.8.

Visual

The inspection of prestressed double tees for cracks, spalls, and other defects is
primarily a visual activity.

Physical

Sounding by hammer can be used to detect delaminated areas. A delaminated area
will have a distinctive hollow “clacking” sound when tapped with a hammer or
revealed with a chain drag. A hammer hitting sound concrete will result in a solid
"pinging" type sound. In most cases, a chain drag is used to check the top surface
of a concrete deck.

Since prestressed beams are designed to maintain all concrete in compression,
cracks are indications of serious problems. For this reason, any crack should be
carefully measured with an optical crack gauge or crack comparator card and
documented.
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Advanced Inspection Techniques

Several advanced techniques are available for concrete inspection. Nondestructive
methods, described in Topic 13.2.2, include:

Acoustic wave sonic/ultrasonic velocity measurements
Delamination detection machinery
Electrical methods

Electromagnetic methods

Pulse velocity

Flat jack testing

Ground-penetrating radar

Impact-echo testing

Infrared thermography

Laser ultrasonic testing

Magnetic field disturbance

Neutron probe for detection of chlorides
Nuclear methods

Pachometer

Rebound and penetration methods
Ultrasonic testing

YVVVVYVYYVYVVVYVVVYVYVYVYYYVY

Other methods, described in Topic 13.2.3, include:

Core sampling
Carbonation

Concrete permeability
Concrete strength
Endoscopes and videoscopes
Moisture content
Petrographic examination
Reinforcing steel strength
Chloride test

Matrix analysis

ASR evaluation

YVVVVYVYVVYVYVYVY

Locations Bearing Areas

Examine bearing areas for cracking, delamination or spalling where friction from
thermal movement and high bearing pressure could overstress the concrete. Check
for crushing of the stem near the bearing seat. Check the condition and operation
of any bearing devices.

For dapped-end double tee beams, look for vertical flexure cracks and diagonal
shear cracks in the reduced depth section that sits on the bearing seat. At the full
depth-to-reduced depth vertical interface, check for vertical direct shear cracking.
At the bottom corner where the reduced section meets the full depth section, check
for diagonal shear corner cracks. At the bottom corner of the full depth section,
check for diagonal tension cracks (see Figure 7.8.5).
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[2. Direct Shear Crack

4. Nib Inclined
. Shear Crack
1. Nib
Flexura
Crack 5. Diagonal
Tension
Crack

3. Shear Corner
Crack

Figure 7.8.5  Crack Locations for Dapped End Double Tee Beams

Shear Zones

Inspect the area near the supports for the presence of shear cracking. The presence
of transverse cracks on the underside of the stems or diagonal cracks on the sides
of the stem indicate the onset of shear failure. These cracks represent lost shear
capacity and should be carefully measured.

Tension Zones

Tension zones should be examined for flexure cracks, which would be transverse
across the bottom of the stems and vertical on the sides. The tension zones are at
the midspan along the bottom of the stem for both simple and continuous span
bridges. Additional tension zones are located on the deck over the piers of
continuous spans.

Flexural cracks caused by tension in the deck will be found on the underside in a
longitudinal direction between the stems.

Check for deteriorated concrete near the tension zones, which could result in the
debonding of the tension reinforcement. This would include delamination, spalls,
and contaminated concrete.

Secondary Members

The diaphragms are designed as simple beams and should be inspected for flexure
and shear cracks as well as typical concrete defects. Cracks in the diaphragms
could be an indication of overstress or excessive differential deflection in the
double tee beams or differential settlement of the substructure.

Areas Exposed to Drainage

If the roadway surface is bare concrete, check for delamination, scaling and spalls.
The curb lines are most suspect. If the deck has an asphalt wearing surface, check
for indications of deteriorated concrete such as reflective cracking and depressions.
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NBI Rating Guidelines

Element Level Condition
State Assessment
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Inspect the seam or joint between adjacent beams for leakage.
Check around scuppers or drain holes and deck fascias for deteriorated concrete.

Check areas exposed to drainage for concrete spalling or cracking. This may
occur at the ends of the beams where drainage has seeped through the deck joints.

Areas Exposed to Traffic

For grade crossing structures, check areas of damage caused by collision. This
will generally be a corner spall with a few exposed rebars or prestressing strands.

Areas Previously Repaired

Examine areas that have been previously repaired. Determine if the repairs are in
place and if they are functioning properly.

General

Check for efflorescence from cracks and discoloration of the concrete caused by
rust stains from the reinforcing steel. In severe cases, the reinforcing steel may
become exposed due to spalling. Document the remaining cross section of
reinforcing steel since section loss will decrease live load capacity. See Table
2.2.2 for concrete crack width guidelines.

Using a string line, check for horizontal alignment and camber of the prestressed
double tee beams. Signs of downward deflection usually indicate loss of prestress.
Signs of excessive upward deflection usually indicate extreme creep and
shrinkage.

State and federal rating guideline systems have been developed to aid in the
inspection of concrete superstructures. The two major rating guideline systems
currently in use are the FHWA's Recording and Coding Guide for the Structural
Inventory and Appraisal of the Nation's Bridges used for the National Bridge
Inventory (NBI) component rating method and the AASHTO element level
condition state assessment method.

Using NBI rating guidelines, a 1-digit code on the Federal Structure Inventory and
Appraisal (SI&A) sheet indicates the condition of the deck and the superstructure.
Rating codes range from 9 to 0, where 9 is the best rating possible. See Topic 4.2
(Items 58 and 59) for additional details about NBI Rating Guidelines.

The previous inspection data should be considered along with current inspection
findings to determine the correct rating.

For prestressed double tees, the deck condition influences the superstructure
component rating. When the deck component rating is 4 or less, the superstructure
component rating may be reduced if the recorded deck defects reduce its ability to
carry applied stresses associated with superstructure moments.

In an element level condition state assessment of a prestressed double tee beam
bridge, the AASHTO CoRe element is one of the following, depending on the

riding surface:
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Element No. Description
Concrete Deck

012 Concrete Deck — Bare
013 Concrete Deck — Unprotected with AC Overlay
014 Concrete Deck — Protected with AC Overlay
018 Concrete Deck — Protected with Thin Overlay
022 Concrete Deck — Protected with Rigid Overlay
026 Concrete Deck — Protected with Coated Bars
027 Concrete Deck — Protected with Cathodic System

P/S Girder/Beam
109 P/S Concrete Open Girder/beam

The unit quantity for the deck elements is “ecach”, and the entire element must be
placed in one of the five available condition states based solely on the top surface
condition. Some states have elected to use the total deck area (m? or ft*). When a
total area is used, the total area must be distributed among the five available
condition states depending on the extent and severity of deterioration. The sum of
all condition states must equal the total quantity of the CoRe element. The
inspector must know the total deck surface area in order to calculate a percent
deterioration and fit into a given condition state description. The unit quantity for
the prestressed double tee beam is meters or feet, and the total length must be
distributed among the four available condition states depending on the extent and
severity of deterioration. Condition state 1 is the best possible rating. See the
AASHTO Guide for Commonly Recognized (CoRe) Structural Elements for
condition state descriptions.

A Smart Flag is used when a specific condition exists, which is not described in
the CoRe element condition state. The severity of the damage is captured by
coding the appropriate Smart Flag condition state. The Smart Flag quantities are
measured as each, with only one each of any given Smart Flag per bridge.

For structural cracks in the top surface of bare decks, the “Deck Cracking” Smart
Flag, Element No. 358, can be used and one of four condition states assigned. Do
not use Smart Flag, Element No. 358, if the bridge deck/slab has any overlay
because the top surface of the structural deck is not visible. For concrete defects
on the underside of a deck element, the “Soffit” Smart Flag, Element No. 359, can
be used and one of five condition states assigned. For damage due to traffic
impact, the “Traffic Impact” Smart Flag, Element No. 362, can be used and one of
three condition states assigned.

Deck

)
N/
>

Superstructure

»

Figure 7.8.6  Components/Elements for Evaluation
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Topic 7.9

7.9.1

Introduction

7.9.2

Design
Characteristics

General

Prestressed I-Beams and Bulb-Tees

Prestressed I-beams and bulb-tees have been used since the 1950’s. They have
proven to be effective because of their material saving shapes. The I or T shape
allows a designer to have enough space to place the proper amount of
reinforcement while reducing the amount of concrete needed (see Figure 7.9.1).

Figure 7.9.1  Prestressed I-beam Superstructure

Prestressed I-beams and bulb-tees make economical use of material since most of
the concrete mass is located away from the neutral axis of the beam.

Prestressed I-beams are shaped to provide minimum dead load with ample space
for tendons. The most common prestressed concrete [-beam shapes are the
AASHTO shapes used by most state highway agencies (see Figure 7.9.2).
However, some highway agencies have developed variations of the AASHTO
shapes to accommodate their particular needs.

7.9.1



Materials — Strength and
Durability

SECTION 7: Inspection and Evaluation of Common Concrete Superstructures
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Figure 7.9.2  AASHTO Cross Sections of Prestressed I-beams

Prestressed I-beams are used in spans ranging from 6 to 46 m (20 to 150 feet).
They are generally most economical at spans from 18 to 35 m (60 to 115 feet).

Steel tendons with a tensile strength as high as 1860 Mpa (270 ksi) are located in
the bottom flange. These tendons are used to induce compression across the entire
section of the beam prior to and during application of live load. This results in a
crack free beam when subjected to live load (see Topic 2.2.4).

New technology may allow designers to reduce corrosion of prestressing strands.
This reduction is made possible by using composite materials in lieu of steel.
Carbon or glass fibers are two alternatives to steel prestressing strands that are
being researched.

Concrete used is also of higher strength ranging from 34 Mpa (5,000 psi)
compressive strength up to 83 Mpa (12,000 psi). In addition, concrete has a higher
quality due to better control of fabrication conditions in a casting yard.

Reactive Powder Concrete (RPC) prestressed beams can come in an X shape (see
Figure 7.9.3) or other concrete beam shapes. RPC prestressed beams may have an
hourglass shape so as to take maximum advantage of RPC properties. Tested
prestressed RPC beams are made without any secondary steel reinforcement and
can carry the same load as a steel I-beam with virtually the same depth and weight.
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Continuity
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Figure 7.9.3  Reactive Powder Concrete (RPC) Prestressed X-beam

Reactive Powder Concrete (RPC) creates a better bond between the cement and
aggregate. This bond produces a material with a higher density, shear strength,
and ductility than normal strength concrete. Silica fume is one of the ingredients
in Reactive Powder Concrete that increases the strength. RPC prestressed beams
are effective in situations where steel I-beams may be used, but are not effective
where conventional strength prestressed concrete I-beams are strong enough.

To increase efficiency in multi-span applications, prestressed I-beams and bulb-
tees can be made continuous for live load and/or to eliminate the deck joint. This
is done using a continuous composite action deck and anchorage of mild steel
reinforcement in a common end diaphragm (see Figures 7.9.4 and 7.9.5).
Continuity has also been accomplished using posttensioning ducts cast into
pretensioned beams. Tendons pulled through these ducts across several spans then
are stressed for continuity. Cast-in-place concrete diaphragms are framed around
the beams at the abutments and piers.

Beam Beam

Pier

Figure 7.9.4  Continuous Prestressed I-beam Schematic
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Figure 7.9.5  Continuous Prestressed [-Beam Bridge

Composite Action The deck is secured to and can be made composite with the prestressed beam by
the use of extended stirrups which are cast into the [-beam (see Figure 7.9.6).

Figure 7.9.6  Cast-In-Place Stirrups
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Primary Members and
Secondary Members

Steel Reinforcement
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The primary members are the prestressed beams. The secondary members are the
end diaphragms and the intermediate diaphragms. End diaphragms are usually full
depth and located at the abutments or piers. Intermediate diaphragms are partial
depth and are used within the span for longer spans (see Figure 7.9.7).
Diaphragms are cast-in-place concrete or rolled steel sections and are placed at
either the end points, mid points, or third points along the span.

et o

Figure 7.9.7  Concrete End Diaphragm
Primary Reinforcement

Primary reinforcement consists of main tension steel and shear reinforcement or
stirrups.

High Strength Steel

Main tension steel consists of pretensioned high strength prestressing strands or
tendons placed symmetrically in the bottom flange and lower portion of the web.
Strands are 9.5, 11.1, 12.7, or15.2 mm (3/8, 7/16, 1/2 or 0.6 inch) in diameter and
are generally spaced in a 50.8 mm (2 inch) grid. In the larger beams, main tension
steel can include posttensioned continuity tendons which are located in ducts cast
into the beam web (see Figure 7.9.8).

Mild Steel

Mild steel stirrups are vertical in the beam and located throughout the web at
various spacings required by design (see Figure 7.9.8).
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Composite Strands

7.9.3

Overview of
Common Defects
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Figure 7.9.8  Prestressed I-beam Reinforcement (Schematic)
Secondary Reinforcement

Secondary reinforcement includes mild steel temperature and shrinkage
reinforcement which is longitudinal in the beam.

Composite strands can be carbon fiber or glass fiber and are fairly new to the
bridge prestressing industry. These strands are gaining acceptance due to the low
corrosive properties compared to steel strands and will just be mentioned in this
manual.

Common defects that occur on prestressed [-beams and bulb-tees include:

Cracking (flexure, shear, temperature, shrinkage, mass concrete)
Scaling

Delamination

Spalling

Chloride contamination

Efflorescence

Ettringite formation

Honeycombs

Pop-outs

Wear

YV VY VYV VYVYYVYY
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Procedures
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Collision damage

Abrasion

Overload damage

Reinforcing steel corrosion
Prestressed concrete deterioration

YV VYV VY VYV

Stress corrosion of prestressing strands

Refer to Topic 2.2 for a detailed presentation of the properties of concrete, types
and causes of concrete deterioration, and the examination of concrete.

Inspection procedures to determine other causes of concrete deterioration are
discussed in detail in Topic 2.2.8.

Visual

The inspection of prestressed concrete I-beams and bulb-tees for cracks, spalls,
and other defects is primarily a visual activity.

Physical

Sounding by hammer can be used to detect delaminated areas. A delaminated area
will have a distinctive hollow “clacking” sound when tapped with a hammer or
revealed with a chain drag. A hammer hitting sound concrete will result in a solid
"pinging" type sound.

Since prestressed beams are designed to maintain all concrete in compression,
cracks are indications of serious problems. For this reason, any crack should be
carefully measured with an optical crack gauge or crack comparator card and
documented.

Advanced Inspection Techniques

Several advanced techniques are available for concrete inspection. Nondestructive
methods, described in Topic 13.2.2, include:

Acoustic wave sonic/ultrasonic velocity measurements
Delamination detection machinery
Electrical methods
Electromagnetic methods

Pulse velocity

Flat jack testing
Ground-penetrating radar
Impact-echo testing

Infrared thermography

Laser ultrasonic testing

Magnetic field disturbance

YVVVVYVYYVYVVYVYVYVY
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Locations

SECTION 7: Inspection and Evaluation of Common Concrete Superstructures
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Neutron probe for detection of chlorides
Nuclear methods

Pachometer

Rebound and penetration methods
Ultrasonic testing

YV V VY

Other methods, described in Topic 13.2.3, include:

Core sampling

Carbonation

Concrete permeability
Concrete strength
Endoscopes and videoscopes
Moisture content
Petrographic examination
Reinforcing steel strength
Chloride test

Matrix analysis

VVVVVYVYVYVYYVYVYYVY

ASR evaluation

Bearing Areas

Check bearing areas for defects such as delaminations, spalls or vertical cracks
(see Figure 7.9.9). Defects may be caused by corrosion of steel due to water
leakage or restriction of thermal movement due to a faulty bearing mechanism.
Spalling could also be caused by poor quality concrete placement (see Figure
7.9.10).

Check for crushing of flange near the bearing seat.

Check for rust stains which indicate corrosion of steel reinforcement.
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Figure 7.9.10 Spalling Due to Poor Concrete

Shear Zones

Check beam ends and sections over piers for transverse cracks on the bottom
flange and for diagonal shear cracks in webs. These web cracks will project
diagonally upward from the support toward midspan.

Tension Zones

Inspect the tension zones of the beams for structural cracks. Cracking indicates a
very serious problem resulting from overloading or loss of prestress.
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Check for deteriorated concrete that could cause debonding of the tension
reinforcement.  This would include spalls, delamination, and cracks with
efflorescence.

Check bottom flange for longitudinal cracks that may indicate a deficiency of
prestressing steel, insufficient cover, inadequate spacing, or possibly an
overloading of the concrete due to use of prestressing strands that are too large.

Check bottom flange at midspan for flexure cracks due to positive moment (see
Figure 7.9.11). These cracks will be quite small and difficult to detect. An optical
crack gauge or crack comparator card should be used to measure any cracks found.

For continuous bridges, check the deck area over the piers for flexure cracks due to
negative moment.

Check for rust stains from cracks, indicating corrosion of steel reinforcement or
prestressing tendons.

Check for exposed tension reinforcement and document section loss. Measurable
section loss will decrease live load capacity. Exposed prestressing tendons are
susceptible to stress corrosion and sudden failure.

L

Figure 7.9.11 Flexure Crack

Secondary Members

Inspect the end diaphragms for spalling or diagonal cracking (see Figure 7.9.12).
This is a possible sign of overstress caused by substructure movement.

Investigate the intermediate diaphragms for cracking and spalling concrete.

Flexure and shear cracks may indicate excessive differential movement of the I-
beams.
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Figure 7.9.12 Typical Concrete Diaphragm

Areas Exposed to Drainage

Check around joints, scuppers, inlets or drain holes for leaking water or
deterioration of concrete (see Figure 7.9.13).
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Areas Exposed to Traffic

Check areas damaged by collision. A significant amount of prestressed concrete
bridge deterioration and loss of section is caused by traffic damage. Document the
number of exposed and severed strands as well as the loss of concrete section. The
loss of concrete due to such an accident is not always serious, unless the bond
between the concrete and steel reinforcement is affected (see Figure 7.9.14).

Figure 7.9.14 Collision Damage on Prestressed Concrete I-beam
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Areas Previously Repaired

Examine thoroughly any repairs that have been previously made. Determine if
repaired areas are sound and functioning properly. Effective repairs and patching
are usually limited to protection of exposed tendons and reinforcement (see Figure
7.9.15).

Figure 7.9.15 Collision Damage Repair on Prestressed Concrete [-bBeam. Note
Epoxy Injection Ports

General
Using a string line, check for horizontal alignment and camber of the prestressed

beams. Signs of downward deflection usually indicate loss of prestress. Signs of
excessive upward deflection usually indicate extreme creep and shrinkage.

7.9.13
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NBI Rating Guidelines

Element Level Condition
State Assessment
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State and federal rating guideline systems have been developed to aid in the
inspection of concrete superstructures. The two major rating guideline systems
currently in use are the FHWA's Recording and Coding Guide for the Structural
Inventory and Appraisal of the Nation's Bridges used for the National Bridge
Inventory (NBI) component rating method and the AASHTO element level
condition state assessment method.

Using NBI rating guidelines, a 1-digit code on the Federal Structure Inventory and
Appraisal (SI&A) sheet indicates the condition of the superstructure. Rating codes
range from 9 to 0, where 9 is the best rating possible. See Topic 4.2 (Item 59) for
additional details about NBI Rating Guidelines.

The previous inspection data should be considered along with current inspection
findings to determine the correct rating.

In an element level condition state assessment of a prestressed I-beam or bulb-T
bridge, the AASHTO CoRe element is:

Element No. Description
109 Prestressed Concrete Open Girder/beam

The unit quantity for the prestressed double I-beam is meters or feet, and the total
length must be distributed among the four available condition states depending on
the extent and severity of deterioration. Condition state 1 is the best possible
rating. See the AASHTO Guide for Commonly Recognized (CoRe) Structural
Elements for condition state descriptions.

A Smart Flag is used when a specific condition exists, which is not described in
the CoRe element condition state. The severity of the damage is captured by
coding the appropriate Smart Flag condition state. The Smart Flag quantities are
measured as each, with only one each of any given Smart Flag per bridge.

For damage due to traffic impact, the “Traffic Impact” Smart Flag, Element No.
362, can be used and one of the three condition states assigned.
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Topic 7.10 Prestressed Box Beams

7.10.1

Introduction

7.10.2

Design
Characteristics

General

Prestressed box beams are quite popular and have been used since the early 1950’s
(see Figure 7.10.1). These precast prestressed members provide advantages from a
construction and an economical standpoint by increasing strength while decreasing
the dead load.
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Figure 7.10.1 Typical Box Beam Bridge

Prestressed box beams are constructed having a rectangular cross section with a
single rectangular void inside. Many prestressed box beams constructed in the
1950’s have single circular voids. The top and bottom slabs act as the flanges,
while the side walls act as webs. The prestressing reinforcement is typically
placed in the bottom flange and into both webs (see Figure 7.10.2).
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Figure 7.10.2 Box Beam Cross-Section

The typical span length for prestressed concrete box beams ranges from 6 to 27 m
(20 to 90 ft) depending on the beam size and spacing.

Prestressed box beams are typically either 915 to 1220 mm (36 or 48 inches) wide.
The depth of a box beam is typically 690 to 1070 mm (27 to 42 inches). Web wall
thickness are typically 125 mm (5 inches) but can range from 75 to 150 mm (3 to 6
inches).

Simple/Continuous Spans

Prestressed box beams can be simple or continuous spans. In the case of simple
spans, the ends of the beams from span to span are not connected together at the
support. An expansion joint is placed over the support in the concrete deck and
the spans act independently. For continuous spans, the beam-ends from span to
span are connected together by means of a cast-in-place concrete end diaphragm
over the support. Mild steel reinforcement is placed in this diaphragm area and is
spliced with steel reinforcement from the prestressed box beams (see Figure
7.10.3). Additional mild steel reinforcement is placed longitudinally in the deck.
Continuous spans provide advantages such as eliminating deck joints, making a
continuous surface for live loads, distributing live loads, and lowering positive
moment.

Composite/Non-composite

Prestressed box beams can be composite or non-composite. To obtain composite
action, some prestressed box beams are constructed with stirrups extending out of
the top flange (see Figure 7.10.3). These stirrups are engaged when a cast-in-place
concrete deck is placed and hardens. Once the concrete deck hardens, the deck
becomes composite with the prestressed box beams. This configuration can be
considered composite since the compressive strength of the cast-in-place deck is
significantly different than the precast prestressed box beams.
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Construction

Advantages
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Prestressed box beams can also be non-composite. If the stirrups are not extended
into the deck, the prestressed box beams cannot achieve composite action with the
deck.

Figure 7.10.3 Box Beams at Fabrication Plant Showing Stirrups Extended as
Shear Connectors and Extended Rebar for Continuity

Box beams are constructed similar to I-beams, with high strength steel strands or
tendons placed in the bottom flange and lower web area The strength of the steel
strands can be as high as 1860 MPa (270 ksi).

Concrete compressive strengths of 27 to 41 MPa (4000 to 6000 psi) are typically
used in prestressed box beams, but concrete with ultimate strengths over 83 MPa
(12,000 psi) is available and becoming popular.

High performance concrete (HPC), which is a new type of concrete being used in
bridge members, is designed to meet the specific needs of a specific project. The
mix design is based on the environmental conditions, strength requirements, and
durability requirements. This type of concrete allows engineers to design smaller,
longer, and more durable members with longer life expectancies.

Dead Load Reduction

The voided box beam reduces dead load while still providing flanges to resist the
design moments and webs to resist the design shears.

Construction Time Savings
Precast members are cast and cured in a quality controlled casting yard. Because
box beams are precast, the construction process takes less time. When

construction is properly planned, using precast members allows structure to be
erected with less traffic disruption than typical cast-in-place concrete construction.
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